Abstract: In this paper, a three-phase six-switch standard boost rectifier with unity-power-factor-correction is investigated. A general equation is derived that relates input phase voltage and duty ratios of switches in continuous conduction mode. Based on one of solutions and using One-Cycle Control, a Unified Constant-frequency Integration (UCI) controller for powerfactor-correction (PFC) is proposed. For the standard bridge boost rectifier, unity-power-factor and low total-harmonicdistortion (THD) can be realized in all three phases with a simple circuit that is composed of one integrator with reset along with several flips-flops, comparators, and some logic and linear components. It does not require multipliers and threephase voltage sensors, which are used in many other control approaches.
Introduction.
Traditional diode rectifiers and thyristor rectifiers draw pulsed current from the ac main, causing significant current harmonics pollution. The international standards presented in IEC 1000-3-2 and EN61000-3-2 imposed harmonic restrictions to modern rectifiers, which results in a focused research effort on the topic of unity power factor rectifiers. Three-phase PFC rectifiers are preferred for high power applications due to their symmetric current drawing characteristics.
Many topologies have been proposed recently [1] - [4] . Among them, the six-switch bridge boost rectifier is one of the most commonly used topologies. In the previously proposed rectifiers, hysteresis control and d-q transformation control were frequently used to control sixswitch bridge boosts. Hysteresis control results in variable switching frequency that is difficult for EMI filter design. The d-q approach is based on digital implementation that leads to complicated systems. An encouraging analog solution with constant switching frequency modulation was provided in [5] for a six-switch bridge boost rectifier. However, three-phase voltage is sensed for six-step operation and multipliers are necessary to implement the three phase current references.
In this paper, a general equation that relates input phase voltage and duty ratios of switches is derived for a six-switch bridge boost rectifier based on an average model in Continuous Conduction Mode (CCM). This equation is singular and has infinite solutions. Based on the One-Cycle Control concept [6] - [9] and one solution of this general equation, a Unified Constant-frequency Integration (UCI)
Controller is conceived for the standard bridge rectifier that realizes three-phase unity-power-factor and low THD. The proposed controller features the following:
• Constant switching frequency.
• No need for multipliers that are required to scale the current reference according to the load level as used in many other control approaches.
• Three-phase voltage sensor is eliminated.
• Only one integrator with reset along with some logic and linear components are required. It is simple and reliable.
The proposed Unified Constant-frequency Integration controller
The analysis in this section is based on following assumption:
• The switches in each arm operate complementary. For example, the duty ratios for switches • Three-phase system is symmetrical.
• Switching frequency is much higher than line frequency. A six-switch standard bridge boost rectifier is shown in Fig. 1  (a) . The average voltages at the node A, B, C referring to node N are given by:
are the duty ratios for switches
. The equivalent average model for rectifier in Fig. 1 (a) is shown in Fig. 1 (b 
where L is the inductance of input inductors (assuming three-phase inductors are identical), w is the line angular frequency, and 
Combination of equation (5) and (6) yields ) (
Substituting equation (7) and (3) Combination of equation (1) and (9) 
For a three-phase rectifier with unity-power-factor, the control goal is given by 
---------------(19)
The above equation can be implemented with an integrator with reset along with some linear and logic components as shown in Fig. 2 (a) . The operation waveforms are shown in Fig. 2 (b) ; where For PFC applications, a diode is inserted in the dc bus of the topology in Fig. 1 (a) to prevent the upper and lower switches in one leg from short-through. The reliability is therefore improved. The schematic is shown in Fig. 3 . 
Limitation of the proposed control approach
With the proposed approach, the inductor current will experience larger distortion at light load. It is found that in certain region of the line cycle, the inductor current could be "partly uncontrolled". This phenomena occurs when m V is small and load is light. The open loop simulation under this condition is shown in Fig. 4 , where Fig. 5 (b) . The electrical property for these two states is identical to each other. For both cases, the inductor voltage equals phase voltage and inductor currents increase. Take phase B as an example as shown in Fig. 4 (a) . In order to verify the concept, an experimental circuit was built that employs the three-phase boost rectifier with dc diode in Fig. 3 . The experimental waveforms are shown in Fig. 6 . The parameters are as follows: main inductance is 300uH; the switching frequency is 50kHz. The input voltage is 90Vrms. The output voltage is 420V. The output resistance is 327ohm and output power is 540watts. The measured input current THD is 7.5% while the input voltage has about 4% THD itself.
Experimental verification

Conclusion
In this paper, a three-phase six-switch boost rectifier is investigated. The relationship between input phase voltage and switch duty ratios is given by a singular equation. Based on one of solutions and using One-Cycle Control, a UCI controller is proposed to achieve three-phase unity-powerfactor. The proposed controller employs constant frequency modulation that is desirable for industrial applications. It is composed of one integrator with reset along with some linear and logic components. No multipliers and input voltage sensors are used.
Nearly unity power factor was demonstrated experimentally in all three phases using this simple control circuit. The input current distortion is higher for light load operation. Design criteria are given to improve the current distortion at light load.
